Rainfall is a significant portion of hydrologic data. Rainfall records, however, are often incomplete due to several factors. In this study, the inverse distance weighting (IDW) method integrated with GIS is used to estimate the rainfall distribution in Duhok Governorate. A total of 25 rain fall stations and rainfall data between 2000 and 2010 were used, where 6 rainfall stations were used for cross-validation. In addition, the relationship between interpolation accuracy and two critical parameters of IDW (Power α value, and a radius of influence) was evaluated. Also, the rainfall distribution of Duhok Governorate was classified. As an output of this study and in most cases, the optimal parameters for IDW in interpolating rainfall data must have a radius of influence up to (15 -60 km). However, the optimal α values varied between 1 and 5. Based on the results of this study, we concluded that the IDW is an appropriate method of spatial interpolation to predict the probable rainfall data in Duhok Governorate using α = 1 and search radius = 105 km for all the 25 rainfall stations.
Introduction
This Rainfall is one of the important variables that define the climate of a region. Its spatial characterization is highly relevant. It is amongst the hydrological parameters, and is the most difficult one to be measured due to its temporal and spatial variability and discontinuity. Although the data can be fully provided in a rain gauge networks, they are still considered as a point estimate. Thus, providing an estimate of the rainfalls patial distribution within an area from rain gauge data frequently remains a problem of interpolation.
Better methods could be used to provide better resolution without interpolation, such as radar measurements. This technique, however, is costly and not often available. Hence, several spatial interpolation methods have been used that are appropriate for a rapid estimation. For example, local polynomial (LP), trend surface analysis (TSA), radial basic function (RBF), geographically weighted regression, Kriging method, and inverse distance weighting (IDW) [1] [2] [3] [4] . Naoum and Tsanis [5] developed a Geographical Information System (GIS) based spatial interpolation module, which adopts a multiple linear regression (MLR) technique. For the assessment purpose, this method can be compared with other methods, such as splin_regula-rized, spline_tension, IDW, kriging, and second-order polynomial. Li et al. [6] used the annual precipitation, from 2114 meteorological stations in China, over a span of 30 years between 1961 and 1990. The data were compared with its respective adjacent regions and analyzed through spline, ordinary kriging (OK), and IDW. Their results showed a good accuracy output with the IDW. This is also carried out by Chu et al. [7] and they reported a similar trend. The field spatial rainfall data can be obtained by using IDW when the data over a catchment are interpolated. The results of such a method were significant as the stimulated data at individual sites preserved properties [8] . Moreover, Dirks et al. [9] used rainfall data from a network of 13 rain gauges on Norfolk Island to compare four spatial interpolation methods. Their study showed that the more computationally demanding method of Kriging provided no significant advantage over any of the much simpler IDW, Thiessen, or arealmean methods. This further indicates that the IDW method is the good method for interpolations using spatiallydense networks.
The aim of the study is to improve interpolation accuracy of the spatial rainfall distribution in the Duhok Governorate by using the IDW method. The important influential parameter of IDW is the distance. Therefore, the elevation of rainfall stations will not be taken into the consideration of this study.
Materials and Methods

Study Area
The Duhok Governorate was chosen to detect this research. It is approximately between latitudes 36˚18'12.64'' and 37˚20'33. 
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vernorate. The rainfall stations are managed by the directorate of meteorology in Duhok, Erbil and Mosul cities. Historical observation of rainfall data was required to interpolate spatial rainfall using IDW. Hence, the annual rainfall data of 10 years from 2000 to 2010 were adopted in this study.
Inverse Distance Weighting (IDW)
The IDW is one of the widest used as an interpolation method. It gets the value by calculating a weighted average of known values within a specific neighbourhood. It was defined as everything is related to everything else, but near things are more related than distant things. The IDW method involves the process of assigning values to unknown points by using values from a scattered set of known points. The value at the unknown point is a weighted sum of the values of N known points. Therefore, IDW simply can be used to estimate the unknown spatial rainfall data from the known data of sites that are adjacent to the unknown site [2, 10] . The IDW formulas could be defined as
where ˆp R refers to the unknown rainfall data (mm); i R refers to the known rainfall data (mm), N is the amount of rainfall stations, i w is the weighting of each rainfall stations, i d is the distance from each rainfall stations to the unknown site, α refers to the power, and is also a control parameter. Several researchers (e.g., [11, 12] ) have examined IDW with variations in a power, assessing its effects on the spatial distribution of information from precipitation observations. In this study, the α value is conducted in the range of 1 to 5 with an incremental interval value of 1. Cross-validation is used to validate critical parameters, which may affect the interpolation accuracy of rainfall data by IDW method. These parameters are α value and search radius. They have been chosen to insure the overall utility of the IDW models and allows optimal data prediction that is comparable to the observed data. Furthermore, the crossvalidation can be considered as a method for estimating the accuracy of an inducer. This is achieved by dividing the data into k mutually exclusive subsets (fold) of approximately equal size. Such an inducer is trained and evaluated k times of which at each time it is trained on the dataset minus a fold and evaluated on that fold. The accuracy estimate is the average accuracy for the k times [13] . Hence, for the cross-validation purpose, 6 rainfall stations were adopted from the total of 25 rainfall stations (Figure 3) . 
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Accuracy Assessment
The accuracy assessment of the IDW model is tested using Root Mean Square Error (RMSE). It measures frequently used on the differences between predicted (or estimated) values by a model and the actuallyobserved values from the thing being modeled or estimated. Moreover, the correlation coefficient r was also used for evaluating whether the estimated data fits observed data or not. The formulas of RMSE and r that serve this study, are given as: 
where ( ) i R t refers to the spatial rainfall values interpolated using IDW in the unknown rainfall station i ;
( ) i R t is the observed rainfall data in the unknown rainfall station i ; n means numbers ( 6 n = in this study) of stations adopted, at year t .
Implementation and Analysis
To interpolate rainfall data by IDW models, a 25 rainfall stations were used, implementing cross-validation as an appropriate method to assess the accuracy of the spatial interpolated rainfall data. 25% of the total 25 rainfall stations were selected for a cross-validation process. 6 rainfall stations were selected to cover all districts with maximum search radius to increase the evaluated groups in cross-validation steps. These rainfall stations were Amedi, Darkar, Duhok, Batel, Hosseinie and Akri. The required Rainfall data were continuously recorded in the period of 2000-2010 (11 years). Table 1 shows the distance among respective rainfall stations. It is used to calculate the weighting of the individual rainfall station to the objective rainfall station. The 11 search radii (15 -165 km) were selected and executed as shown in Table 2 . This is achieved to determine the Optimal Search Radii (O.S.R.) in the IDW of the 6 rainfall stations. The bold numbers in Table 2 represent the optimal number of rainfall stations close the objective that were selected for rainfall interpolation. Figure 4 shows the schematic diagram of different groups in Duhok rainfall station as an example. It is clear from Figure 4 that the different rainfall stations within different selected search radii can be used for interpolate rainfall data. For example; in Duhok station, 3 and 24 rainfall stations located within the selected search radius of 15 and 120 km for rainfall data interpolation. We compared and analyzed the data that falls within 8 groups, by assessing the relationship between prediction accuracy with a search radius; the number of selected rainfall stations. Such procedure was used for further calculations in cross validation. For such a purpose, the RMSE was used to determine the optimal parameters, α value and search radius of IDW. Finally, the results of rainfall data interpolation using IDW were all validated by using correlation coefficient r . This was achieved to express the applicability of IDW models.
Results and Discussion
Six rainfall stations ( Table 2) were assumed as unknowns and rainfall data estimated using IDW in a . This is achieved to interpolate the unknown rainfall data. Every different group of each rainfall station was estimated individually using the observed data respectively to individual rainfall station's search radius (d = 15 to 165 km), where the data expressed as an annual rainfall. Moreover, to determine the optimal parameters of IDW; α value and O.S.R., and the minimum RMSE were calculated. Those results are shown in Table 3 in the form of annual rainfall. Simultaneously, the O.S.R. and α value were recorded in the condition of the minimum RMSE. By performing a comparison between the annual O.S.R. and the α values, we found two events. The first event regarding to the annual O.S.R., we found that 70% O.S.R. were within 15 -30 km, there were two anomaly (60, 90 km) which occurred in Amedi and Akri rainfall stations. They deemed the use of several rainfall stations unnecessary for data interpolation under most conditions. On the other hand, the results revealed that the interpolation accuracy of rainfall was greater with increasing rainfall stations and to an optimal up limit.
The second event was that the optimal α value varied from 1 to 5. There was 70% probability concurring and that the optimal α was equal to 1 and 30% above that. The result in this study has identical views with several studies as in [7, 12] . Wang et al. [14] also reported a case in China. They showed the prediction accuracy of annual rainfall had the highest significance when the α value was considered in the range of three to five. Figure 5 displays a series of 6 subdiagrams on the RMSE variation at different search radii (15 -165 km) and α value from 1 to 5 with an increment interval of 1. The result was a large RMSE variation of different groups (search radius) occurred when α approach one, the RMSE variation also reduced with the increase in α . This showed that the minimum variation occurred at the largest α value, regardless of the number of rainfall stations used for interpolation. However, the minimum variation of RMSE stays uncertain on based of the optimal α and search radius. Hence, the optimal α and search radius need to be further measured. The relationship between the interpolated rainfall values and the actual observed data for all the 21 rainfall stations (inside Duhok Governorate) was also evaluated. Table 4 showed an estimated rainfall of 21 rainfall stations using IDW. The correlation coefficient r was utilized as an indicator to evaluate the fittingness of IDW for estimating data. We found that the r was greater than 0.74 in 21 rainfall stations in case using 1 α = and search radius = 105 km. It was evident that, rainfall interpolations using IDW showed significant similarities with the observed data using optimal independent annual values. Therefore, we could deduce that IDW is a suitable method for rainfall interpolation under the conditions that optimal α and search radius must be measured.
Finally, Duhok Governorate was reclassified into 10 rainfall classes except some areas near Turkey and Syria borders due to the lack of data (Figure 6 ).
Conclusion
In this study, two major findings are drawn by using IDWfor interpolating spatial rainfall. First, the predicted accuracy of rainfall interpolated can be improved through the α value adjustment. Second, the number of known rainfall station is also another influential parameter; most cases show that the prediction accuracy increases with the increasing numbers of known rainfall station. Finally, we conclude that through analyzing the optimization steps of α value and radius of influence, the IDW is deemed as a suitable spatial interpolation method of rainfall.
